Cocoa is one of the most important perennial type cultivation in the world, with an estimate world production of 3.6 Mt (FAO, 2012). Cocoa is a major cash crop in many tropical countries and it is produced within 10 o N and 10 o S of the equator where the climate is suitable for its growth. West Africa has been the center of cocoa cultivation for many decades, as two-thirds of the world's cocoa is produced in West Africa (CRIN, 2011) . Globally, the six main world cocoa producers are Ivory Coast, Ghana, Indonesia, Nigeria,Brazil, and Cameroon in descending order.
Cacao plant is highly sensitive to changes in climate from hours of sunshine to rainfall and application of water, soil condition and particularly to temperature due to effects on evapotranspiration (Almeida et al., 2002 , Anim-Kwapong and Frimpong, 2005 , Agele et al., 2016a . Water account for large proportion of living weight of plants, is essential for many physiological functions and it is most critical at certain periods in the life of cacao. Legavre et al. (2006) and Daymond et al. (2004) asserted that varietal improvement for tolerance to abiotic and biotic stress factors has been identified as a priority of research programs of cocoa producing countries.
Several reports have recorded over the years, decline in vigour of growth and establishment percentage and vof transplanted cacao seedlings. There is increasing need to establish new cocoa fields, and or rehabilitate old and moribund plantations using more productive cocoa stock for increased productivity. These efforts had been hindered by poor vigour of growth and field establishment possibly due to inadequate or sub-optimum water application in the nursery, the residual effects of this phenomenon is poor field performance.
The Nigerian National Cocoa Breeding Programme through selection resulted in "Established Ability Elites" which had better yields and adapted to marginal and drought prone areas (CRIN, 2011) . The Cocao Research Institute of Nigeria has developed sets of improved cocoa varieties. Improvement implies development of varieties that are high yielding, pest and disease tolerant, tolerant to environmental stress that have been registered by the National Centre for Genetic Resources and Biotechnology (NACGRAB) (CRIN, 2011).
Cocoa seeds are sown in pots in the nursery to raise seedlings. In the nursery and on the field, cocoa seedlings are subjected to variable soil moisture status (wet-dry cycles) during its growth (Agele et al., 2018) . The establishment and rehabilitation of cocoa farms, aimed at replacing ageing and nonproductive cocoa stocks in the field may be limited by inadequacy of healthy cocoa seedlings (Famuwagun et al., 2017) . Efforts to increase cocoa seedlings by smallholder farmers and seed production unit for plantation establishment through the raising of cocoa seedlings in the nursery is associated with poor vigour of growth and establishment (CRIN, 2011) The seedling stage key stage in the life history of woody plants that is most critical in terms of dessication tolerance and follow up field survival. The aim of the study it to explore the effects of previous drought stress event especially in the nursery on field performance of seedlings of cacao genotypes and to explore the relationships between drought performance and the establishment of cacao on the field. The effects of inadequate (sub-optimal) water application may be profound on field establishment (growth, development and survival rate) Therefore it is necessary to investigate the effects of nursery management practices required toraise vigorous cocoa seedlings in thenursery, such as regimes of water application in the nursery and the imports of such practices on plantation establishment, optimum plant stand following planting out on the field. In the tropics, the dry post rainy season is characterized by concurrent stresses of extremely high soil and air temperatures, solar radiation intensity and vapour pressure (atmospheric dryness) and soil moisture deficits (Agele et al., 2016b). These factors limit growth and yield of crops sown in the dry season. The effects of extreme growing environmental factors (temperature, light intensity, soil water availability and vapour pressure deficit) on plant growth and tissue water relations has been reported (Agele et al., 2006) . Physiological variables such as water relations and stomatal gas exchange are physiological attributes important to plant survival of unfavourable weather conditions, although these attributes are influenced by plant species and environmental conditions, may however are important to the expression of potential for acclimation in a species under drought and high temperatures (Haeberle et al., 2016) .
Drought events (frequency and severity) including (1.5 to 2 o C) warming are expected to increase in the near future as result of the decrease of regional precipitation and the increase in evapotranspiration driven by global warming ( , 2018) . Changes in the global water cycle in response to the warming over the 21st century will not be uniform, and natural droughts are expected to set in quicker, to become more intense, and to last longer (Trenberth et al., 2014) .Among all the natural hazards, drought ranks first in terms of the number of people directly affected (Agele et al., 2016) . Thus, the understanding of how plants and crops adapt and behave under this scenario is a goal of primary importance to improve agricultural performance towards recurrent droughts and to address the challenges of climate change, consequently. Drought effects (in particular water stress) on the physiological behavior of annual and perennial species have been widely investigated (Fleta-Soriano, E., Munné-Bosch, S., 2016, Glenn et al., 2014, Tombesia et al., 2014, Fleta-Soriano and Munné-Bosch, 2016). Trees in areas vulnerable to drought are exposed to drought stress almost every year (recurrent drought) and this could naturally prime tree response to drought. In fact, plant stress 'memory', i.e. the structural, genetic, and biochemical modifications that have occurred because of stress exposure and which make water stress in comparison with non-previously stressed plants ( Will recurrent drought over multiple years such as the seasonal wet-dry cycles of the rainforest zone of Nigeria improve plant resistance to drought. Will differential drought resistance of plant species and genotypes lead to differential survival during drought (drought performance under field conditions), and relevance to species distributions along ecological gradients of rainfall, topography, and soil type of the humid/wet tropics. The objectives of this study are to evaluate the effects of residual effects of watering regimes of seedlings of cacao genotypes in the nursery on field performance (growth development and survival) and to relate measured agronomic variables with soil moisture deficit stress tolerance in cocoa seedlings. The study provide in information that may be required for increased production of cacao seedlings capable of surviving the unfavourableweather conditions to which they are exposed particularly the dry season when planted out on the field. Findings from this study is expected to enhance understanding of the responses of cacao genotypes and improved varieties/hybrids to soil moisture deficit stress both in the nursery and following planting out on the field. Such information will be relevant to the development of sustainable management practices for the production of cocoa seedlings. The results will contribute to the development of improved nursery practices for the production of vigorous cocoa seedlings and optimum field establishment.
MATERIALS AND METHODS
An experiment was conducted at the Teaching and Research Farm, Federal University of Technology, Akure in the rainforest of zone of Nigeria to examine the residual effects of moisture stress in the nursery on field performance of seedlings of cacao genotypes. The experimental materials comprised of two cacao genotypes (Amelonado and F3 Amazon) and two improved lines (PA 150/34 and PA 150/36) which were obtained from Cocoa Research Institute of Nigeria (CRIN), Ibadan. The seeds of the genotypes were sown in nursery pots, and seedlings of each genotype were subjected to varying levels (0.6, 0.9 and 1.5 litres) of watering in the nursery. After ten (10) months in the nursery, the differentially watered seedlings from the nursery were transplanted on the field on 13th June, 2017. The experiment was laid out in a 4 x 3 factorial combination arranged in a Split Plot Design at three replicates per treatment. The cacao genotypes constituted the main plot while the differentially watered seedlings the sub-plot treatment. Three plants from each plot were tagged for data collection. Agronomic practices such as weeding and watering were done when necessary. Data were collected on plant height (cm), stem girth (mm), number of leaves, and number of branches, number of dead seedlings and number of seedlings bearing dead twigs/branches and final survival count at end of dry season.
Experimental Design and Data Collection
The treatments were 4 x 3 factorial combinations of cocoa varieties and watering regimes, laid out in a Randomized Complete Block Design (RCBD) with three replications. After transplanting, three plants per variety for each watering regime were randomly tagged for data collection. At intervals of three weeks for seven months, data were collected on the following parameters: Cacao leaf area index (LAI) and canopy light integrals (incident, transmitted and absorbed radiation, the ratio of radioactive measurements below and above the canopy and PAR) were measured using LAI2000 (Plant Canopy Analyzer Model, Delta T, UK) equipment. In order to avoid errors in nondestructive LAI measurements caused by direct solar radiation, measurements with the LAI2000 were conducted only at dawn or, if the sky was completely overcast, during the day. Records were taken on the number of leaves per plant, the total leaf number (TLN).
The growing degree days (GDD) accumulated during growth was calculated from the daily maximum (Tmax) and minimum (Tmin) temperatures measured at the Meteorological Station located 500 m in from the experimental site. The values of cardinal temperatures for cacao (base (Tb) = 15ºC; optimum (To) = 22ºC and maximum Tm = 34ºC). The cardinal temperatures used were 15ºC for base temperature, below which no development takes place and 34ºC for maximum temperature, above which development is zero. The growing degree days (GDD) was computed during growth of cacao using the algorithm as;
where Tmax represents maximum air temperature, Topt represents optimum temperature, and Tb represents base (minimum) temperature of cacao 1-x represents the time interval during which measurements were made (day one to the last day). The calculation considers a linear, ascending function between the base and optimum temperatures and a linear, descending function between the optimum and maximum temperatures. The calculated degree days summed over duration of the experiment which gave the heat units accumulated during growth.
Data Analysis
The data obtained were subjected to analysis of variance (ANOVA) using the PROC GLM procedure of SAS version 9.1 (SAS Institute, Cary, NC, USA; Statistical Analysis System 2000), to test the significance of the treatment means. Mean effects that showed significant F-tests were separated with Duncan Multiple Range Test.
RESULTS

Weather Conditions During Period of Study for Cacao
The seasonal weather pattern of within cacao is presented in Table 1 . The rainy (early and late) season (April to July and August to November) and the dry season (December to March) are characterized by higher air temperatures and lower relative humidity compared with the dry season ( The transmission of solar radiation within cacao canopy varies during periods of measurement (December of a year to April of another) (Fig. 1) . The cacao seedlings raised under 0.6 l watering regime in the nursery had enhanced radiation transmission, this is closely followed by 0.9 l watering and least under 1.5 l watering regime. Across the differentially watered seedlings, highest radiation transmission was obtained between January and April ( Figure 2 ). The ratio of transmitted to incident radiation were lowest for 1.5 l watered seedlings and lowest for moderate (0.9l) and severely water stressed seedlings.
Fig1. The time course of transmitted radiation through cacao canopy
Fig2. The course of the ratio transmitted to incident radiation through cacao canopy
The course of leaf area index (LAI) and Photo synthetically Active Radiation (PAR) varied with measurement dates (from 270 to 90 day of year: DOY) especially with 3 and 21 months after transplanting (MAT) (Fig. 3) . The canopy land cover indicated by LAI affected PAR intensity within cacao field. Hence, the trends observed for PAR were consistent with those of LAI. Within measurement periods, lowest LAI was obtained at DOY 90 (February of a year) and highest between 180 and 360 DOY (between June and December of a year). However, LAI increased with age of seedlings on the field (3 to 21 MAT) ( Fig. 4 ). . Compared with F3 Amazon and the improved varieties (the PA series), Amelonado genotype had best leaf development while the effect of differential watering in the nursery was not consistent on leaf development across the measurement dates. Height development on the field varied among the differentially (0.6, 0.9 and 1.5 l) watered seedlings in the nursery and among cacao genotypes (Fig. 6 ). Increase in height with seedlings age was obtained and consistently among differentially watered seedlings of cacao genotypes. Among the genotypes, Amelonado and F3 Amazon were taller than the hybrids (PA series). Plant height was not consistent among the differentially watered seedlings, a variable for which growth compensation appear to occur. The pattern of stem diameter increases (stem girth) was similar to observations for plant height. Stem diameter increases on the field varied among the differentially (0.6, 0.9 and 1.5 l) watered seedlings in the nursery and among cacao genotypes (Fig.7) . Increase in stem diameter with age was obtained and consistently among differentially watered seedlings of cacao genotypes. Among the genotypes, Amelonado and F3 Amazon were taller than the hybrids (PA series). Plant height was not consistent among cacao genotypes and the differentially watered seedlings.
Fig7a
. Effect of cacao genotype and pre-field water stress on the time course of stem girth development in cacao seedlings.
Fig7b. Effects of pre field water stress on the time course of stem girth development in cacao seedlings
The effect of differential watering in the nursery was pronounced on seedling mortality on the field especially in the dry season (360 -90 DOY, December to March of a year) (Fig. 8) . The lowest number of dead trees per treatment was obtained for the 1.5l watered seedlings in the nursery and highest for 0.6 l watering regime. Increases in the number of trees bearing dead twigs/branches were observed during the dry season (360-90 DOY, December to March of a year) and lowest between 120 to 300 DOY (Fig. 9 ). The highest number of dead trees per treatment was obtained for the 0.6l watered seedlings in the nursery and lowest for 1.5l watering regime. At the end of the dry season (end of experiment, 32 WAP), transplanted nursery stock of cacao that were raised on variable watering in the nursery show significant differences in their survival rates on the field ( Table 7 ). The pattern of seedling survival of the nursery stock subjected to differential watering in the field showed that seedling batch that were raised under 0.6l watering regime have significantly lower (p<0.05) percentage survival (60%) than those subjected to1 l has 20% survival at the end of the dry season period (Table 7) . Similarly, seedlings subjected to 0.9l have 70% survival which was lower than the 85% survival of the seedling batch raised under 1 l watering. The time dynamics of leaf development and solar radiation properties (light integrals: incidence and transmitted radiation) within cacao canopy varied during the course of the year among treatments. Across treatments, highest radiation transmission within canopy was obtained between January and April, this period is the peak of the dry season. This observation is also attributable to the none or low rainfall and low soil moisture status and high temperatures of the dry season and the resultant lower leaf area formation and massive senescence. The ratio of transmitted to incident radiation were lowest for 1.5 l watered seedlings and lowest for moderate (0.9 l) and severe water stressed (0.6 l) seedlings. Agele 
CONCLUSION
After 22-week of regimes of wet dry cycles drought in the nursery, the seedlings of cacao genotypes were transplanted to field plots where observations were made on the growth and development and survival of the seedlings. The field trials were used to rank drought performance of cacao genotypes following nursery desiccation studies. The earlier experiment quantified desiccation tolerance in cacao seedlings in the nursery, the follow up experiment examined how such plants subjected to levels of wet-dry cycles survive after transplanting on the field thus offer opportunity for evaluation of drought performance under field conditions. The study provided improved insight of the interaction of mechanisms of desiccation tolerance and drought performance on the field using cacao genotypes. It is concluded that to the performance of seedlings of cacao genotypes subjected to wet-dry cycles in the nursery correlated with drought-performance under field conditions. The survival ability of seedlings of cacao genotypes. On the field was high (70 %) irrespective of treatment received in the nursery. The observed seedling mortality and branch and twig die-back may be attributed to soil moisture deficit and high temperature stresses during the dry season. Seedling mortality and branch and twig die-back would have implications for seedling vigour and field establishment in cacao; the seedling stage is the key stage in the life history of woody plants. Farmers should be encouraged to provide optimum watering for seedlings in the nursery to minimize mortality and enhance growth and establishment the ability of plants to survive under the wet-dry seasonal transitions may be linked to previous stress history. The study provide insight on the relative tolerance of pre-field water stressed seedlings of cacao genotypes to dry season soil and air moisture deficits and high temperature stresses and consequences for seedling vigour, survival (mortality) and field
